Seven persistent trails associated with bright fireballs were probed with a steerable Na wind/temperature li,•.• .• •.•n•o (•,,•i..l Range, • during the 17/la •n,, peak of the 1998 Leonid meteor shower. These chemiluminescence trails were especially rich in Na. The average Na abundance within the trails was 52% of the background Na layer abundance, which suggests that the corresponding masses of the meteors were from 1 g up to 1 kg. CCD images show that the chemiluminescent emissions (including Na and OH) are confined to the walls of a tube, which expands with time by molecular diffusion. Lidar profiles within the trails show that the temperatures are highest at the edges of the tube where the airglow emissions are brightest. Approximately 3 min after ablation, temperatures at the tube walls are 20-50 K warmer than the tube core and background atmosphere. Neither chemical nor frictional heating provides a satisfactory explanation for the observations.
Na ablation trails and the background Na layer during the 1998 Leonid shower and compare them with previous observations of the mesospheric metal layers. We also report measurements of the temperature profiles within the persistent trails.
Experimental Configurations
SOR is located on the Kirtland AFB near Albuquerque, NM. The facility is operated by the Air Force Research Laboratory, Directed Energy Directorate and includes a 3.5m astronomical telescope. The University of Illinois Na wind/temperature lidar is coupled to this telescope through the coude optics so that the beam can be pointed in any direction above 5 ø elevation. A 1-m diameter portion of the telescope primary mirror is used to project the laser beam while the remainder is used for collecting the backscattered light and focusing it onto the detector. The beam divergence is approximately I mrad. At 100 km range, the beam diameter (full width @ e -2 ) is 100 m. The lidar operates at 30 pps and the laser output power varies between I and 1.5 W. For this Leonid experiment the range resolution was 24 m and the integration period was 15 s. The lidar was operated in the normal scanning mode to measure radial wind, temperature, and Na density profiles at zenith and 10 ø offzenith to the north, east, south and west. These data are used to derive profiles of the three wind components of the atmosphere as well as the temperature and Na density profiles.
An observer was positioned outside the telescope dome to look for persistent trails associated with fireballs. When one was spotted, the telescope operator was apprised of the approximate azimuth and elevation angle and the telescope was moved to that position. By using a boresighted video camera mounted on the telescope and the lidar profile data, the telescope operator positioned the lidar beam on the persistent trail. In this way seven persistent trails were tracked and probed with the lidar for as long as 30 min. Visible CCD cameras, allsky airglow imagers, and meteor radar also collected correlative data at SOR during the meteor shower. In situ winds began distorting the trail immediately after the initial fireball. Because of the fortunate viewing geometry, the meteor has produced a visual hodograph, which illustrates the rotation of the horizontal wind vector with altitude. In the case of Diamond Ring, the winds from a large amplitude gravity wave have distorted the trail into a spiral, which rotates clockwise with increasing altitude. The faint laser beam can be seen in the top center of Figure 1 probing the trail at the crossover point of the spiral. Figure  2 is the associated Na density profile showing the two trails at 92.2 and 98.4 km. The gravity wave responsible for the wind rotation has a vertical wavelength approximately equal to the separation of the two trails, viz. 6.2 km.
The characteristics of the seven trails observed at SOR are tabulated in Table 1 . Following the initial fireballs, the persistent trails left in their wakes were acquired by the hdar in about 2 min. The duration in Table I is 
Discussion
The structure of the enhanced temperature and observed chemiluminescence suggest that chemical heating might be partially responsible for the enhanced temperatures within the ablation trails. The OH and Na airglow emissions result from the reaction of atomic H and Na with 03 [Chapman, 1967; Ba##aley, 1981 ].
H + 03 .4 OH* + 02,
Na + 03 --• NaO + 02,
NaO + 0 -4 Na* + 09.. Another source of the elevated temperatures is frictional heating. A simple estimate can be made by invoking kinetic energy conservation. If we assume that a meteoroid, with a mass of 100 g enters the atmosphere with speed of 72 km/s, is completely ablated and expands to a column 200 m in diameter and 100 km in length, and all its kinetic energy is homogeneously distributed to all the molecules within this column, the temperature within the column would be elevated by about 50 K. This is comparable to the value we observed. However, the heating generated by friction should have a temperature structure that is hotter in the center of the trail, inconsistent with the double-peak structure we observed. Thus, the elevated temperatures in the persistent trails remain to be explained. Neither chemical nor frictional heating can provide a satisfactory explanation of this temperature structure. Unfortunately, the 1998 SOR Leonid observations did not include spectroscopy so that it is not possible to obtain quantitative estimates of the airglow emission intensities and the concomitant atmospheric heating effects.
Conclusions

